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Introduction
Infertility is now considered as one of the significant health problems among couples worldwide. There are many factors that affect sperm parameters, function and subsequently male fertility [1] . Genetic abnormalities, molecular mutations, hormonal defects, impaired spermatogenesis, nutritional deficiency of some trace elements and vitamins, obstructive problems and structural damages such as varicocele, environmental agents, and life style are grouped as popular factors that affect human sperm function and fertilization processes [2, 3] .
Semen hyperviscosity (SHV), which is characterized by a thick and coagulated appearance, is a condition that affects the physical and chemical characteristics of human seminal fluid [4] . Semen with normal viscose plays critical roles for sperm function and fertilization process. It facilitates the entry of spermatozoa into cervical mucus [5] , maintains sperm swimming speed after mucus pen-Harchegani/Rahmani/Tahmasbpour/ Shahriary etration, regulates the distribution of surface charges on the sperm membrane during the maturation process [6] , prevents of the lipid peroxidation reaction [7] , and maintains the chromatin integrity of spermatozoa [8] . SHV is probably caused by dysfunction, infection and inflammation of the male accessory glands or the immune system [9] . Recent studies have reported that SHV occurs in 12-29% of ejaculates and can be considered as a main reason for male infertility [9] [10] [11] . It has been shown to be contributed in poor sperm motility and semen quality, as well as a poor outcome with in vitro fertilization [12] . Although the pathogenic aspects of SHV are now clarified, the exact mechanism in which hyperviscous semen is associated with abnormal sperm and male infertility are still not clear. Altered sperm motility, technical difficulties in in vitro fertilization, inflammation, oxidative stress (OS) and changes in trace elements are the major proposed mechanisms of SHV on male infertility ( fig.1 ). In the following sections we will discuss these proposed mechanisms in which SHV induces impaired spermatogenesis and male infertility.
Sperm Motility
Impairment of normal sperm movement is considered as one of the significant mechanisms by which SHV leads to male infertility [13] . Numerous studies have demonstrated that SHV is associated with reduced sperm motility because of a trapping effect of hyperviscous semen [11] . It is contributed to the pathogenesis of different forms of asthenozoospermia and male infertility [14] . Recent studies have found significant negative correlations between SHV and sperm motility, grade of motility, total motile sperm and sperm vitality [11, 14, 15] . Normal motility of sperm is a critical factor for the entry of sperm into the cervical mucus, sperm-egg interaction and fertilization process. Therefore, hyperviscous Proposed mechanisms for the effects of hyperviscous semen on poor sperm quality and male infertility. SHV decreases sperm quality and fertilization rate through several mechanisms including: impairment of sperm motility, increased number of inflammatory cytokines and leukocytes, enhanced ROS production and OS, reduced uptake of Zn, impairment of seminal plasma antioxidants, changes in some trace elements and apoptosis. OS induced by overproduction of ROS and antioxidants impairment is the major mechanism of SHV which is associated with sperm DNA oxidation, membrane lipid peroxidation, and subsequently poor sperm quality.
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In vitro Fertilization
As seminal plasma has an important role in events leading to fertilization, SHV can also lead to in vivo and in vitro complications which have negative consequences in assisted reproductive technology setting [11, 12] . Hyperviscous semen causes certain difficulties for proper separation of spermatozoa and its number. SHV is reported to be associated with poor outcome of controlled ovarian hyperstimulation and intrauterine insemination [16] . It reduces fertilization rates in patients undergoing in vitro fertilization programs [11] . SHV can also result in certain technical difficulties in the handling of semen samples, when using Percoll gradients to prepare sperm for in vitro fertilization [11] .
Deficiency in Zinc Uptake
SHV, which is caused by the seminal vesicle hypofunction, can lead to enhanced proportion of prostatic fluid that contains zinc (Zn) [12] . Seminal plasma zinc is originated primarily from the prostate gland and may reflect prostatic secretary function [17] . Increased level of zinc in absence of a seminal vesicle zinc ligand can inhibit sperm chromatin decondensation which may result in chromatin instability [11] . Recent studies have reported increased defects in chromatin integrity and packaging in patients with hyperviscous semen [18] . Poor chromatin packaging or integrity is associated with sperm DNA damage and increased risk of infertility and pregnancy outcome [19, 20] . Furthermore, zinc has antioxidative properties and plays as a cofactor for different antioxidants such as Cu/Zn-superoxide dismutase [21] [22] [23] . Given the antioxidative properties of zinc, reduced intake of zinc in patients with HSV can result in OS and subsequently sperm DNA damage, membrane lipid peroxidation, apoptosis and poor semen quality [24, 25] .
Changes in Trace Elements
SHV not only stimulates overproduction of reactive oxygen species (ROS) and oxidative damages through induction of inflammation, but also it leads to alterations in the contents of seminal plasma fructose, ascorbic acid, calcium, and zinc, which in turn exert negative influences on sperm function or fertilizing capacity of spermatozoa [14] . Mahran et al. [14] reported a significant negative correlation between SHV and seminal plasma levels of fructose, ascorbic acid, zinc, and calcium. They also observed that enhanced level of leukocytes is correlated negatively with ascorbic acid, fructose, zinc and calcium concentrations. In another study, Gonzales et al. [26] reported reduced levels of fructose in SHV patients. These trace elements are necessary for the spermatogenesis, energy production, normal function of spermatozoa, sperm motility, protection of sperm against ROS and fertilization process [21, [27] [28] [29] [30] . Therefore, reduced levels of these elements in patients with hyperviscous semen exert negative impacts on spermatogenesis, semen quality and male fertility. Furthermore, fructose and ascorbic acid are biomarkers of seminal vesicle function, while calcium and zinc are biomarkers of prostatic function. Thus, physical analysis of ejaculate including viscosity can be clinically useful for the evaluation of the secretory activity of the these male accessory glands [14] .
OS
OS induced by free radicals, especially ROS, is now considered as one of the main idiopathic factors that affect human spermatozoa [3] . It is now considered as one of the main reason for male infertility, that is, 30 to 40% of infertile men have enhanced contents of ROS in their seminal plasma [31, 32] . Recent studies have indicated that OS is the main mechanism of HSV effects on poor semen quality [4, 33] . OS is a condition in which free radicals contents overwhelm the levels of antioxidants. ROS such as hydroxyl radicals (OH • ), superoxide anion radical (O 2
•-) and hydrogen peroxide (H 2 O 2 ) are very reactive agents that interact with cellular macromolecules to compensate their deficit electron [21, 30, 34] . Although free radicals are essential for sperm capacitation and acrosome reaction at physiological concentration, they can oxide DNA, proteins and lipids at high concentrations [35] .
Human sperm cells are particularly susceptible to ROS because they have high levels of polyunsaturated fatty acids at their membrane. Additionally, they lose most of their cytoplasmic antioxidants during spermiogenesis [36, 37] . Therefore, enhanced contents of ROS and subsequently reduced levels of seminal plasma antioxidants can increase sperm DNA damage, membrane
Harchegani/Rahmani/Tahmasbpour/ Shahriary lipid peroxidation, and eventually sperm cells damage and increased risk of male infertility [38] . 8-OHdG, malondialdehyde and protein carbonyl are biomarkers of DNA, protein and lipid oxidation. Numerous studies reported increased contents of these biomarkers in seminal plasma of infertile patients.
Leukocytes, especially neutrophils and macrophages, and dysfunctional spermatozoa are the major endogenous sources of ROS production in human semen [39, 40] . Overproduction of ROS in human semen affects sperm cells mitochondrial function and subsequently sperm motility [41] . During infection or inflammation, leukocytes can discharge up to 100 times more ROS than normal and contribute to OS [42, 43] . A great number of studies have reported leukocytospermia in infertile patients [31, 40, 44, 45] . Increased number of seminal plasma leukocytes and proinflammatory cytokines such as IL-6, IL-8, and tumor necrosis factor is associated with overproduction of ROS, oxidative damages to sperm DNA, membrane lipids and subsequently apoptosis and sperm abnormalities [46] .
Leukocytes are particularly responsible in the development of SHV, as they are increased during the infection and produce high levels of ROS [47] . Patients with hyperviscous semen have high percentage of leukocytes compared with non-hyperviscous men. Recent studies have indicated a significant positive correlation between leukocytospermia and hyperviscosity semen [14] . In a study, Mahran et al. [14] observed leukocytospermia in 37.5% of the infertile men with hyperviscosity semen. Furthermore, increased number of leukocytes in SHV patients was correlated negatively with sperm motility and vitality. They suggested that SHV seems to be a result of infection or inflammation in 75% cases. Elis et al. [48] proposed that anti-inflammatory therapy can successfully treat mild SHV.
Recent evidences have demonstrated that OS induced by ROS is the major mechanism of HSV on poor quality of sperm and male infertility among patients with hyperviscous semen [4, 33] . OS has been also reported to be associated with hyperviscous blood [49, 50] . In a study by Harisa et al. [49] they observed a rise in malondialdehyde and protein carbonyl levels in patients with higher blood viscosity. They also showed that increasing concentrations of malondialdehyde and protein carbonyl is correlated with increasing degrees of viscosity. In another study by Kasperczyk et al. [50] they reported whole blood viscosity is associated with OS, erythrocyte aggregation and decreased level of malondialdehyde.
Although these data suggest that OS is a contributor to SHV, the exact mechanism in which SHV increase OS is not well understood. One of these mechanisms is probably related to increased level of abnormal sperms in patients with SHV. Patients with hyperviscous semen have higher percentage of abnormal spermatozoa in their semen compared to healthy individuals [4] . As dysfunctional spermatozoa are one of the major sources of ROS production, increased number of immature and abnormal sperm cells in SHV patients may explain the higher existence of OS in their semen. Furthermore, the number of leukocytes, as the other significant source of ROS generation, in semen of HSV patients is greater than that in men with normal semen. Therefore, increased number of leukocytes as a result of inflammation or infection in HSV patients can be considered as the other main reasons for overproduction of ROS and OS in these patients. Enhanced ROS in SHV patients can decline the effective concentration of seminal plasma antioxidants and as the result increases the harmful effects of ROS to spermatozoa. Thus, impairment of semen antioxidants can be considers as one of the other main mechanism SHV action on poor semen quality [4] . In a study by Siciliano et al.
[51] they reported a severe impairment of both the high and low molecular weight antioxidants in SHV patients. Layali et al. [4] indicated that hyperviscous semen impairs seminal plasma total antioxidants capacity, which is eventually associated with sperm membrane lipid peroxidation. Similarly, Aydemir et al. [33] found higher malondialdehyde levels in seminal plasma of patients with hyperviscous semen compared to non-viscous individuals. These results suggest that increased number of abnormal sperms and inflammatory cytokines as well as severe impairment of antioxidants, which are associated with increased sperm membrane lipid peroxidation, can be the main reason for low quality of sperm among SHV patients.
Conclusion
SHV can be considered as one of the main reason for poor quality of sperm in men with hyperviscous semen. Impairment of sperm motility, deficiency in zinc uptake, changes in trace elements, poor quality of semen, increased number of leukocytes and ROS production, and OS are the major mechanisms in which SHV induces sperm abnormalities and male infertility. Impairment of seminal plasma antioxidant and OS is the major mechanism of SHV, which can be associated with sperm DNA damage, membrane lipid peroxidation, sperm chromatin instability and low fertilization rate. Therefore, treatment with antioxidants may be helpful in patients showing hyperviscous semen to protect sperm cells by oxidative damages. However, further studies into possible treatments for and causes of SHV are essential in order to improve fertility and the success of assisted reproductive technology procedures.
